Results of the investigation of the aquatic macroinvertebrate fauna along a 504 km stretch of the Danube River in Serbia are presented. A total of 74 macroinvertebrate taxa were observed during a 2001 survey. Oligochaeta and Mollusca were the principal components of the community with regard to species richness and abundance. Based on data on the qualitative composition of the macroinvertebrate fauna, a correspondence analysis divided the investigated stretch in three sectors -upper (Pannonian), Iron Gate sector and entrance sector to the Iron Gate stretch. The distribution patterns of certain species supported the division of sectors defined by correspondence analysis.
Introduction
During the "Joint Danube Survey" (JDS) the Serbian part of the Danube River was also investigated. A survey was organized in summer 2001 by the International Commission for the Protection of the Danube River (ICPDR) aimed at producing comparable, accredited water quality information for the whole length of the Danube. For the Serbian national team, involved in JDS along the Serbian sector, it was a nice opportunity to collect good-quality data on aquatic macroinvertebrates along a considerable stretch of the Danube (504 km). The aim of this paper is to present those data. The community composition and diversity of macroinvertebrates were observed. The data were also used to underline the differences among distinct sectors of the Danube. The border between two Danube types, Pannonian Plain Danube and Iron Gate Danube (Robert et al. 2003; Paunovic et al. 2005) , is situated within the investigated sector at stream km 1071 (Bazias, sampling site 64).
The effort of numerous institutions focused on the investigations of the Danube is understandable. The Danube is one of the largest European rivers and undoubtedly one of Europe's most important waterways. It travels 2,857 km from the Black Forest to the Black Sea. Seventeen countries and about 165 million people border this powerful river. The Danube flows through numerous industrial and urban centres and receives significant amount of pollution. The steady degradation of the Danube's environment destroyed much of the biodiversity. The river is a recipient of urban and industrial wastes as well as of agricultural land runoffs.
The Danube river basin can be divided into three sub-regions: the upper, the middle and the lower basin with the Danube Delta. The Upper Basin extends from the source (Germany) to Bratislava (Slovakia). The Middle Basin is the largest and comprises the part from Bratislava to the Iron Gate dams (Serbia/Romania). The Lower Basin extends from the Iron Gate to Sulina (mouth of the Danube to the Black Sea) and it includes a huge river delta.
The Serbian reach of the Danube extends over a distance of 588 km that covers the middle and a part of the lower, 220 km long waterway, being a natural frontier between Serbia and Romania. The major part of this sector of the Danube (358 km) belongs to the Pannonian basin. In this section the Danube is a typical low-land river with a slope of 0.05-0.04 per thousand.
One of the most important problems that affect the nature of the Danube is river regulation and damming. In the Serbian part, due to the dam construction at Sip (943 km), a large artificial lake, Djerdap, was formed. This lake stretches 100 km in length, extending from the dam to Golubac (Iron Gate). After damming of the Danube, the flow rate is slowed down upstream to Slankamen (1215 km).
The Danube watershed in the territory of Serbia and Montenegro has 390 protected areas of national and international importance. This part of the Danube has particular importance for the preservation of biological diversity.
The Serbian reach of the Danube has been extensively examined since the early sixties (Liepolt 1967;  Petrovic 1971 Petrovic , 1973 Petrovic , 1975 Petrovic , 1978 Jakovcev 1987 Jakovcev , 1988 Jankovic & Jovicic 1994; Martinovic-Vitanovic et al. 1999; Simic et al. 1997; Simic & Simic 2004; Paunovic et al. 2005; Jakovcev-Todorovic et al. 2005) . The results of a 1986 study referring primarily to water pollution problems (Jankovic & Jovicic 1994) showed that water quality in the Serbian reach of the Danube deteriorated compared to the 1960-1970 period. The long-term damaging impacts resulted mostly from the increase in untreated industrial and communal effluents originating from rapidly growing cities along the river banks, from leaching and erosion of extensively fertilized agricultural soils, as well as from the changes in the hydrological regime induced by damming of the Danube and the creation of the hydropower reservoirs Djerdap (Iron Gate) I and II. was collected with tweezers and, if necessary, scraped with a brush. The sampling with the FBA hand net is performed using the kick and sweep technique for multihabitat sampling. The samples were preserved with 4% formaldehyde. Sorting and identification were carried out using binocular magnifiers (5-50 ×) and stereomicroscopes (10 × 10 and 10 × 40). The study included the qualitative and quantitative analysis of the benthic community. The number of observed taxa, Shannon diversity index H (Shannon & Weaver 1949) , Evenness index E (Pielou 1984 ) and community abundance (number of individuals per square meter -ind. m −2 ) were analyzed in order to illustrate the distribution of the invertebrates along the sector. The frequency of taxa was calculated as percentage of taxa in all samples collected (F = No. of findings/total No. of samples). In addition, quantitative composition has been discussed according to the mean percentage of groups at sampling site level and mean percentage of groups in samples with the aim to describe the sector investigated.
A Correspondence (Reciprocal Averaging) Analysis (Pielou 1984) , performed on a matrix of 71 (taxa) × 11 (presence/absence of taxa on sampling sites) revealed the main faunistic features that characterised the sampling sites. Chironomidae, Nematoda and Hydracarina are excluded from statistical analyses due to the fact that they were not identified to the species level. "Statistica for Windows 5.1 (Edition '97)" was used for statistical processing of the data.
Results
A total of 74 macroinvertebrate taxa were found during the investigation (Table 2 ). The highest taxa richness was observed among molluscs (Mollusca) -15 species of snails (Gastropoda) and 9 species of mussels (Bivalvia). Aquatic worms (Oligochaeta), with 19 species, were also one of the principal components of the community. Other invertebrate groups were less diverse.
The number of taxa observed at each sampling site varied between 15 (sampling site 49) and 46 (sampling site 50).
The most frequent species along the examined part of the Danube were Limnodrilus hoffmeisteri, L. claparedeianus, (F = 85.29%), Tubifex tubifex (F = 70.59%), Limnodrilus udekemianus, L. profundicola (55.88%) (Oligochaeta, Tubificidae), Dikerogammarus villosus (Amphipoda) and Dreissena polymorpha (Bivalvia) (F = 52.94%). Lithoglyphus naticoides was found in half of the samples (F = 50%), while the frequency of occurrence (F ) of Corophyum curvispinum was 36.24%. The frequency of occurrence of Limnea (Radix) peregra was 8.82%.
The abundance of macroinvertebrates varied between 703 (site 49) and 42,661 specimens m −2 (site 52) (Fig. 2) .
Oligochaeta (mean percentage per site ranged between 7.73% at site 46 and 83.82% at site 51; mean percentage in pooled samples 51.73%), Mollusca (mean percentage per site: 0.24% at site 49; 50.04% at site 52; mean percentage in pooled samples 21.80%), Amphipoda (mean percentage per site: 0.21% at site 67; 41.94% at site 63; mean percentage in pooled samples 18.33%) and Chironomidae (mean percentage per site up to 26.96% at site 67; mean percentage in pooled samples 7.11%) were the principal components of the community with regard to relative abundance.
Within Oligochaeta, the following species belonging to family Tubificidae and adapted to high organic load (Moog 1995) 45L  46L  49L  49R  50L  50R  52R  52L  52R  58R  58L  63R  63L  64R  64L  65L  65R  66R  66L  67L  66L  67R L. claparedeianus, L. udekemianus and L. profundicola. Dense populations of these species were observed at all sampling sites. Among molluscs, D. polymorpha (Bivalvia), L. naticoides, Theodoxus danubialis, Esperiana esperi, Valvata naticina and Bithynia tentaculata were the most abundant. High densities of D. polymorpha were recorded along the entire sector (up to 56.37% of total individuals at site 52, left side; mean percentage in pooled samples 5.42%). L. naticoides was the most abundant in samples belonging to the upper stretch (up to 78.75%, site 58, right side; mean percentage in pooled samples 6.46%). A high abundance of other snail species was recorded in samples belonging to sites 66 and 67 -Iron Gate stretch.
D. villosus was the most abundant species of Amphipoda. Dense populations of this species were especially observed at sites belonging to the upper (Pannonian) stretch 45, 46, 49 and 50 (up to 47.21% of total individuals in sample at site 50, left side; mean percentage in pooled samples 4.44%).
Diversity index (H ) and Evenness indices (E ) are presented in Fig. 3 . The diversity index (H ) ranged from 0.78 (site 58) to 2.1 (site 50), while the Evenness (E ) varied between 0.36 (site 58) and 0.93 (sample from site 66, left side). The lowest H and E values were observed at sites 52 and 58. At those sites low numbers of taxa were observed (21 and 27 respectively); in addition, a few species dominated -there was a high abundance of Tubificidae: T. tubifex, L. hoffmeisteri, L. claparedeianus, L. udekemianus. Site 58 was also characterised by dense populations of L. naticoides (Gastropoda) and D. polymorpha (Bivalvia).
It is interesting to underline that some alien, invasive species were also found along the stretch examined. For example, Branchiura sowerbyi was found with frequencies up to 35.29% and a relative abundance of up to 33.77% in the sample from site 66, left side. Synanodonta woodiana, Corbicula fluminea, C. fluminalis and Hypania invalida were also found along the investigated sector.
The position of sampling sites (squares) and taxa (circles), obtained by correspondence analyses, is shown in Fig. 4 . The position of sampling sites is mostly determined by taxa that are common for the majority of sites (full circles in Fig. 4) : T. tubifex, L. claparedeianus, L. hoffmeisteri, L. udekemianus, L. profundicola (Tubificidae, Oligochaeta), D. villosus, Obesogammarus obesus, C. curvispinum (Amphipoda), as well as by taxa that are found only at some site or group of sites. Sampling site 45 is separated from other sites primarily due to the presence of Glossiphonia heteroclita (Hirudinea) and Dikerogammarus hemobaphes (Gammaridae) that were not observed at other sites. Sampling sites 65, 64 and 63 are separated from others in relation to dimension 1 primarily due to the presence of species belonging to genus Valvata and Esperiana (Gastropoda). Ophidonais serpentina (Oligochaeta) was observed only at sites 63 and 65, Dero nivea (Oligochatea) only at site 65, C. fluminea and Cloen dipterum only at site 63. Further, the position of sites 65, 64 and 63 is determined by the presence of T. danubialis (Gastropoda). Sampling site 58 is separated from others, in relation to dimension 2, due to the presence of Aulophorus furcatus, Aulodrilus limnobius (Oligochaeta) and Heptagenia sp. (Ephemeroptera), species that were not found at other sites. Potamothrix hammoniensis (Oligochaeta) was observed only at site 66, illustrating this particular site with regard to dimension 2.
Discussion
During the sampling program 74 macroinvertebrate taxa were observed. Bearing in mind that some taxa (Nematoda, Chironomidae, Ceratopogonidae and Simulidae) were not identified to species level, the total number of taxa is certainly higher.
Oligochaetes and molluscs were the principal components of the community with regard to number of identified species, frequency of occurrence (F ), as well as with regard to relative abundance. Amphipoda and Chironomidae were found to be important members of the community with regard to relative abundance. The community structure observed was expected at this watercourse type. In potamon-type rivers in Serbia molluscs and oligochaetes are typically the most diverse and abundant groups. A similar community structure was observed by previous investigations of the Danube River in Serbia (Nedeljkovic 1979; Jakovcev 1987 Jakovcev , 1988 ; Dju- kic & Karaman 1994; Arambasic 1994; Simic et al. 1997; Martinovic-Vitanovic et al. 1999; Simic & Simic 2004) , as well as during the investigation of the Sava River (Paunovic 2004 ) and the Tisza River (Csanyi 2002) .
A similar community structure with respect to dominant macroinvertebrate groups, but with a larger proportion of some groups in samples, was observed within the Slovakian stretch of the Danube (Elexová 1998; Šporka & Nagy 1998). In both studies, Oligochaeta and Chironomidae (Diptera) dominated. Considering the differences between the Slovakian and Serbian stretch of the Danube, the higher taxa richness within Ephemeroptera and Trichoptera that was reported by Elexová (1998) was expected. Differences in the dominant sediment type between the Slovakian and Serbian stretch could be the main reason for the differences observed. The Slovakian sector is characterised by a higher proportion of habitats with gravel, boulders and stones (Elexová 1998 ) when compared with the Serbian part.
A similarity of the macroinvertebrate community was also found when compared with the Hungarian stretch. Nosek (2000) and Oertel (2000) reported that D. villosus, C. curvispinum, Limnaea (Radix) peregra and L. naticoides were among the most frequent taxa at the examined sites along the Hungarian part of the Danube. Those species were also found to be frequent in samples collected along the Serbian part of the Danube. The dissimilarity in principal species composition with regard to frequency between the Hungarian (Nosek 2000; Oertel 2000) and the Serbian stretch could be explained by distinct environmental conditions in the two sectors of the Danube. The upper (Pannonian) sector (from 1071 km up to the Hungarian border) is similar to the Hungarian stretch (Robert et al. 2003; Paunovic et al. 2005) , therefore those sectors are classified as the same Danube type -Pannonian Plain Danube (Robert et al. 2003) . The Iron Gate Sector is different with regard to hydro-morphological conditions. The intensity of natural differences between sectors that are situated upstream and downstream 1071 km of the watercourse are illustrated by the fact that this point has been identified as border between the Danube types (Pannonian Plain Danube and Iron Gate Danube), as well as the boundary between Middle and Lower Danube (Robert et al. 2003) . The difference in macroinvertebrate community observed in the Hungarian and in the Serbian stretch could be the result of different sampling approaches and taxonomic resolution applied. Thus, Nosek (2000) and Oertel (2000) did not analyse the Oligochaeta community in detail, while Oligochaeta were observed to be a principal component of the community in our study.
A high population density of T. tubifex, L. hoffmeisteri L. claparedeianus, L. udekemianus and L. profundicola (Oligochaeta, Tubificidae), all of them adapted to high organic load (Moog 1995) , indicate organic pollution at the stretch investigated. Further, an increase of those species in the period after the damming of the Danube (Nedeljkovic 1979 ) indicate higher sedimentation rates in the zone of back-water effects (up to 1215 km) favouring T. tubifex, L. hoffmeis-teri, L. claparedeianus, L. udekemianus and L. profundicola which can be characterised as pelophilous species (Timm 1980 (Timm , 1987 .
The distribution patterns of L. naticoides, D. villosus (higher density in upper stretch), T. danubialis, E. esperi, V. naticina and B. tentaculata (higher density in downstream stretch) demonstrate the differences between the upper (Pannonian) sector and the Iron Gate sector. Species that are relatively equally represented along examined sector (T. tubifex, L. hoffmeisteri, L. claparedeianus, L. udekemianus, L. profundicola and D. polymorpha) are ubiquitous (Timm 1980 (Timm , 1987 , and their distribution is less dependent on a modification of their environmental conditions.
The lowest values of Diversity (H ) and Evenness (E) (Fig. 3) were observed at sites 52 and 58. This low diversity index and the small number of observed taxa, combined with a domination of only a few species (low values of E ), indicate environmental stress within the stretch (Allan 1995) . Sampling sites 52 and 58 are located in the area of influence of the urban centres (Novi Sad, Belgrade and Pancevo) and industrial zones of Novi Sad (Oil Refinery) and Pancevo (Oil Refinery and Petro-chemical Plant). In addition, sampling site 58 is influenced by polluted tributaries (the Sava and Tamis rivers).
According to the results of a correspondence analysis (Fig. 4) three groups of sites were distinguished -upper sector (Pannonian), Iron Gate sector and sector upstream of the Iron Gate stretch (sector on entrance to Iron Gate, or transitional sector). Sampling sites 63, 64 and 65 are separated from the other sites. Those sites are situated upstream of the Iron Gate sector. Due to the changes of overall characteristics of the river in the area, the sector links up two Danube types, the Pannonian Plain Danube and the Iron Gate Danube (Robert et al. 2003) . According to our results, this sector is characterised by a specific macroinvertebrate fauna, too.
It should be underlined that introduced, invasive species such as S. woodiana, C. fluminea, C. fluminalis, H. invalida and B. sowerbyi were found within the investigated area. These species were also found within previous investigations of the Danube in Serbia and its upper sectors (Djukic & Karaman 1994; Simic et al. 1997; Csanyi 1999; Berneth et al. 2002) , as well as in the main tributaries of the Danube in the areain the Tisza River (Csanyi 2002 ) and the Sava River (Paunovic 2004) . Due to the significant threat to the aquatic ecosystem health that was documented (Mack et al. 2000) , the populations of invasive alien species should be intensively observed with the aim to design protective measures.
Conclusion
A total of 74 macroinvertebtate taxa were found during the study. A fauna typical of potamon-type rivers in Serbia was observed. Oligochaetes and molluscs were found to be the principal components of the community with regard to number of species observed, frequency of occurrence and relative abundance.
Based on data of qualitative composition (presence/absence of taxa) of the macroinvertebrate fauna, a correspondence analysis (Fig. 4) divided the investigated stretch in three sectors -upper (Pannonian), Iron Gate sector and a sector represented by sites located at the entrance to the Iron Gate sector (sites 63, 64 and 65). The distribution patterns of certain species supported this division of sectors provided by the correspondence analysis. Thus, the distribution of L. naticoides, D. villosus (higher density in upper stretch) and T. danubialis, E. esperi, V. naticina and B. tentaculata (higher density in downstream stretch) point up the differences between the upper (Pannonian) sector and the Iron Gate sector.
Our investigations also pointed out the threat to the Danube ecosystem induced by the presence of alien invasive species -S. woodiana, C. fluminea C. fluminalis, H. invalida and B. sowerbyi.
